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ABSTRACT 
An structural characterization of the Quercus súber forests 

and its derived formations is defined for ihe Chefchaouen basin in NE. 
Morocco. Fonr structural types identified from aerial photographs inter-
pretation were related to site conditions defined by three variables (lit-
hology, slope and aspect) by means ola GIS. Five patterns resulted from 
the cluster analysis of the percenlages of the área -per site condition-
covered by each structural type. Forests on numidian sandstones litholo-
gies, oriented to the east or north. and slopes from 15% to 50% were the 
most susceptible to complete deforestation. On the detailed description of 
15 stands the deforestation process of the cork oak (Quercus súber) 
forests is discussed. Suggestion for more sustainable management practi-
ces were stated after comparation with other similar systems. 

RESUMEN 
Los bosques de Quercus súber y sus formaciones derivadas 

tras perturbación fueron caracterizados para la Cuenca de Chefchaouen 
en el NE. de Marruecos. Cuatro tipos estructurales, identificados por 
fotointerpretación. se relacionaron con las condiciones ambientales, defi
nidas mediante un Sistema de Información Geográfica. Cinco patrones 
resultaron del análisis cluster de los porcentajes del área -por condición 
ambiental- cubiertos por cada tipo estructural. Los bosques sobre fitolo
gía de areniscas numidicas, expuestos al este o norte y con pendientes del 
15 al 50% son los más susceptibles de sufrir una deforestación completa. 

1 Dpto. Ecología, Fac. Ciencias, Univ. Alicante, Ap.C.99, 03080 Alicante, 
Spain. - Dept. Biologie, Fac. Sciences. Univ. A. Essaádi, B.P.2I21, 93000 
Tétouan, Morocco. 

En base a una descripción detallada de 15 parcelas, se procede a una dis
cusión sobre los procesos de deforestación de los alcornocales (Quercus 
súber). Tras una comparación con otros sistemas similares, se proponen 
varias sugerencias de manejo sostenible. 

INTRODUCTION 
The Mediterranean Sea separates its Basin in two 

sectors that although rather similar from a climatic point of 
view present important differences from a more integrative 
perspective. The socioeconomic characteristics and the 
interaction between man and its biotic and abiotic environ-
ment are markedly distinct. This contrasting reality is the 
result of different land uses by man under a relatively 
homogeneous environmental framework. Different authors 
(DI CASTRI, 1979; LE HOUEROU, 1979) point out that 
despite their proximity in distance their main environmen
tal concerns on a short and middle term perspective are not 
the same. On the other hand the need for sustainable Solu
tions to the use or exploitation of natural resources is a sha-
red concern. This new and reinforced goal (LUBCHENKO 
et al., 1991) has implications notjust on the preservation of 
the wealth of each one of the states but on their interac-
tions. The pronounced differences on the socioeconomic 
conditions between the South and the North impede a sus
tainable development in all mediterranean countries. The 
reason being the need to maintain and promote to its máxi
mum, systems that are sociologically, economically and 
ecologically sound. From this perspective the promotion of 
economic and technical support from the economically 
stronger countries of the northern mediterranean must give 
priority to the implementation of politics directed to reach 
these sustainable systems in every country. 

In the Rif región of Morocco the risk of defores
tation is one of the main concerns related to lost of sustai-
nability of the rural landscapes. Erosión and lost of soil 
productivity can be observed in important áreas. A demo-
graphic boom in combination with a marked dependence 
on wood, as an energy source, threatens the sustainability 
of once extensive cork oak (Quercus súber) forested áreas. 

The introduction of the spanish forest exploitation 
philosophy by the Spanish Protectorate initiated a process 
that has led to a progressive reduction in the extensión of 
closed canopy forests. The persistence of the exploitation 
of charcoal to fulfil the requirements from the larger cities 
in the vicinity, like Tetouan (BOUKIL, 1989), and wood 
gathering by the local people are not sustainable at the 
actual rates of extraction. 

In the Rif región, Quercus súber forests are exten
sive and represent the dominant forest type in comparison 
with those from other species. For the Mediterranean coun
tries, Morocco includes 347.000 ha. approximately 15.4 % 
of the total. From an internal perspective the cork oak 
forest in the Rif represent 30.5 % (BENABID, 1989) of the 
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national ones. Important both for cork and wood produc-
tion its management requires a deeper knowledge on its 
productivity and its response to the dominant exploitation 
or utilization systems. This is a basic step to maximize its 
productivity reducing the risk of regression. From a func-
tional point of view the persistence of the extensión of 
these forests and the appropriate management of their 
structure is basic to maintain the richness of these systems 
from a biodiversity as well as a cultural perspective. 

This paper characterizes the structure for cork oak 
forests and derived communities after exploitation in the 
Chefchaouen Basin as a representation of this type of sys
tems in the mountains of the western Rif. This description 
focuses on two main points: First, the definition of the 
trends or tendencies in the deforestation of these stands, in 
the search for an indication of the type of stands that are 
more susceptible to degradation. Second, the estimation of 
the amount of biomass as a fundamental descriptor in the 
management of these forests. 

This contribution should be considered as a pre-
liminary approach to the analysis of Chefchaouen basin in 
order to define a hierarchy of subjects to address more 
deeply in fu ture studies. The definition of a sustainable 
system managing the use of cork oak forest in this área 
can not be produced now. The discussion centers on eva-
luating the consequences of the actual trends of exploita
tion, and on the need for specific data that will allow to 
fulfil this goal. These topics are analyzed in the search for 
a landscape perspective, for it is the scale we believe that 
best will allow the definition of the mentioned sustainable 
systems. 

STUDY ÁREA. 
The study área is included in the upper part of the 

Laou Basin, located in the Eastern sector of the Tingitane 
Península, in the Northern part of Morocco. With an exten
sión of 442 Km2beIongs to the provinces of Chefchaouen 

and Tetouan. Geomorphologically describes an elongated 
basin which main axis runs from N to S. It is flanked by 
calcareous ranges in the eastern side that include the hig-
hest elevations (2159 m.) at Djbel Lakraá and by siliceous 
materials in the western sectors. Numerous streams run 
from both slopes to the lowlands located at altitudes of 
about 300 meters. The climatic conditions are predomi-
nantly mediterranean warm subhumid (BENABID, 1982). 
The valúes for the main descriptors for the existing ther-
mopluviometric stations are included in Table l. 

All the riparian systems flow out of the basin in 
the vicinity of the village of Oued Lau. Through the steep 
and narrow Tamrabet canyon, the Laou river heads nort-
heastward to the Mediterranean Sea just 30 km. away. The 
Ali Thelat dam built in 1931 retains the water before this 
exit canyon and is an evident proof of the deforestation 
and erosión for it is almost completely silted. This accu-
mulation of fine materials allows that during most of the 
year the new deposits are cultivated for cora and other 
vegetables crops, being used as rangelands during the 
remaining time. Most of the western sector of the basin 
with a wide bajada of relatively soft slopes include the lar-
ger extensión of Queráis súber forests. To the north in the 
vicinity of the village of Rinfine, extensive áreas of land 
mainly dedicated to wheat and barley production reflect 
the consequences of the degradation of the cork oak and 
other thermomediterranean forests by intense human pres-
sure. To the south in the steeper and undulated terraíns 
between the city of Chefchaouen and the village of Bab 
Taza different levéis of degradation of the cork oak forests 
indícate the type of practices that are causing the regres
sion. As in most of the Rif, the kif (Cannabis sativa) is 
produced in cleared áreas inside and outside the forests 
playing a fundamental role in the socioeconomic activity 
in the área. The degradation thresholds for these forests 
are essential in the definition of sustainable management 
strategies. 

Ñame 

Ali 
Thelat 

Bab 
Taza 

Chefchaouen 
CT 

Chefchaouen 
Ville 

CI;IM/ 

Lat 
N 

35 15' 

35 03' 

35 11' 

35 10' 

i.'1'IC STATIONS Ol'THli CHBLCHAOUli.N 
Localion and main descriptors 

Long 
W.Gr. 

Alt 
(m) 

P 
(mm) 

5 18' 250 681 

5 12' 880 1482 

5 19' 280 1005 

5 16' 630 949 

M 
(C) 

31.9 

32.5 

33.5 

33.1 

m 
(C) 

6.1 

2.5 

5.5 

5.9 

Table I.- Characteristics of 
meteorological stations located 
in the Chefchaouen basin: Lat. 
N.= north lalitude; Long. W. 
Gr.= longitude west of 
Greenwich; Alt= Allitude over 
sea level; P= average annual 
precipitation; M= average 
máximum temperature; m= 
average mínimum temperature. 
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METHODOLOGY 
The information gathered for the cork oak forests 

is the result of two basic processes. First, the cartographic 
representation oí" the structural types of these forests that 
can be defined from a qualitative description of the whole 
basin. Second, the dendrometric characterization of diffe-
rent stands representative of the dominant structural types. 
This information was processed to determine the range of 
biomass accumulated as an useful indicator Cor comparison 
purposes with other stands of this and other species better 
known. 

Four types of cork oak forest were defined: Ql 
(forest with an open tree canopy where many crown con-
tact each other, and with a high shrub cover); Q2 (forest 
with an open tree canopy where most crown are isolated, 
with a closed and high shrub understory); Q3 (tall shrubs 
with some openings); Q4 (short and scattered shrubs). 
Each structural type was identified from the analysis of 
aerial photographs (E l :20000; 1986) for the whole basin. 
The áreas covered by each type were delimited and repre-
sented by stereoscopic interpretation on topographic maps 
(E 1:50000; División de la Cartographie - M.A.R.A. 
Rabat). From these topo maps they were digitized and 
incorporated to the G.I.S. IDRISI Windows 1.0 (1995). 

From the digitalisation of hypsography data a 
Digital Elevation Model was obtained for the production 
of slope and aspect maps. The 10 slope classes considered 
match in part with the US Soil Survey slope classification 
classes, allowing their comparison. The slope intervals 
limits that match between both classification are 3% , 
20% and 50% . The aspect categories defined were N, S, 
E, W and leveled. From geological maps (División de la 
Geologie - M.E.M. Rabat), 6 lithological classes were 
defined: lithol (coluvial detritic materials: glacis); litho2 
(quaternary); litho3 (cretaceous marls: Tánger and 
Melloussa units); litho4 (flyschs of Beni Ider unit); litho5 
(flyschs of Tiziréne unit); lithoó (numidians sandstones). 
The combination via GIS of these three variables showed 
the heterogeneity for the main physical abiotic conditions. 

In order to define the relation between the resul-
ting combinations of environmental conditions and the 
cork oak forest degradation, the área covered by each one 
of the above mentioned structural types was determined 
for every environment. We assumed that the perturbations 
on the forests would affect more severely those environ-
ments more susceptible to perturbation or with a lower 
regeneration capacity as well as those that had suffered a 
higher pressure. Therefore those environments would have 
a lower percentage of their área covered by cork oak forest 
with a better structure and more derived shrublands. To 
make easier the comparation of the different environments 
we searched for similar patterns in the percentages of áreas 

covered by each one of the four structural types conside
red. This step was completed by using a cluster analysis 
PKM of BMDP (DIXON, 1983) which establishes a cer-
tain number of homogeneous groups of cases. The resul-
ting clusters were used as a synthetic descriptor of the 
structural patterns present and allowed the stablishment of 
similarities or trends in the consequences of the perturba
tion regime. 

On the other hand, a series of stands, selected as 
representative of the dominant structural types in the basin, 
were more precisely quantified. Stem perimeters at 1.3 
meters in height were determined for all the trees in plots 
1000 square meters in área. For the shrub layer description, 
both in stands with and without Queráis súber tree canopy, 
line transects were completed. Each plot was sampled with 
five 20 meters parallel line transects separated 10 meters 
from each other. Cover valúes and number of contacts in 
100 meters were measured for all the vegetation and for 
those species that can be used as a fuel source by the local 
people. 

Biomass was considered the most appropriate 
structural descriptor. In this study, it iwas directly related 
to the potential amount of wood, available as an energy 
source. 

The estimation of biomass for Quercus súber was 
the main goal, for it is much more susceptible to defores-
tation. Once the tree canopy is removed, degradation is 
accelerated. Characterizations for cork oak stands are com-
monly based on cork productivity and quality. More inte-
grated analysis of aboveground productivity are scarce, but 
they are basic for management purposes. To determine the 
valúes of dry weight for different tree fractions we applied 
the allometric equations developed by CARITAT et al. 
(1992) to the d.b.h. determined for every tree in the plot. 
The biomass for the different plots was estimated and used 
as an indication of the order of magnitude that would be 
expected at a landscape scale. 

From the equations to determine dry weight 
obtained by CARITAT et al. (1992), we used those for the 
site named Fitor. Between the two available set of equa
tions one for Fitor and another for St. Hilari we choosed 
the former one for the range of d.b.h. includes the valúes 
obtained for the trees measured by us. The equations for 
St. Hilari were developed for larger trees and therefore the 
use of those equations in our sample would overestimate 
the dry weights. Basal áreas were also more similar to 
those observed in our plots. Precipitation was higher in the 
Chefchaouen sites. Fitor and St. Hilari received a mean 
annual precipitation of 659 and 858 mm. Fitor had more 
thermophilous conditions with a mean annual temperature 
of 15.1 degrees Celsius, what is more similar to the 
Chefchaouen basin. 
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The equations used for dry weight determination 
used were: 

Iog TADW = 2.7615 * log d.b.h. - l.3934 (R2 = 0.9766) 
log BDW = l. 1809 * log d.b.h. + 0.3905 (R2 = 0.5641) 
log PBDW = 4.7367 * log d.b.h. - 4.6567 (R2 = 0.8007) 
log SBDW = 0.6280 * log d.b.h. + 0.9248 (R2 = 0.4050) 
log BKDW = 1.2226 * log d.b.h. + 0.0581 (R2 = 0.8390) 
log LDW = 0.6274 * log d.b.h. - 0.4784 (R2 = 0.3987) 

TADW = total aboveground dry weight; BDW = 
bole dry weight; PBDW = primary branches dry weight; 
SBDW — secondary branches dry weight; BKDW = bark 
dry weight (includes the bark for the whole tree); LDW = 
Leaves dry weight. All dry weights are expressed in Kg. 
and all d.b.h. are in cm. 

RESULTS 
1. Characteristics of The Chefchaouen basín at a lands-
cape scale: 

For the Chefchaouen basin several landscape 
units could be initialy defíned from a visual inspection. In 
order of magnitude or área covered forests by Quercus 
súber and derived formations after perturbation or mana-
gement represents 28.4% whilst cerealistic fíelds covers 
33% of the total surface basin. 

Deforestation is one the main causes that genera-
tes regressive processes as increased erosión and lost of 
soil structure and productivity. Although the peak of ero
sión and soil degradation occurs at faster rates in other 
landscape units (as the cerealistic fields in the northern 
sector of the basin) the main concern in the search for sus-
tainable systems in this área must focus on sustainable 
ways of managing the Quercus súber forests. To describe 
the different landscape elements present, an structural cha-
racterization was considered the best way. A classification 
of the vegetation units was postponed. Biomass was the 
descriptor that better could connect the theoretical descrip-
tion of these stands to the demands for charcoal, fuel wood 
or fodder, resources extracted from these systems, driving 
therefore their progressive deterioration. 

Describing this landscape unit, two were our 
main concerns. First, how to relate the structural types 
observed to specific perturbation agents and/or regimes?. 
Second, would the resulting structure be an effect of the 
type of perturbation or of the topographic and physico-
chemical characteristics of the lands covered by the 
forest?. The search for information on the perturbation 
types and regimes gave such a variety of possibilities that 
we considered there was not enough information to pro-
ceed in this direction. We focused our interest in the 
second question. 
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The availability of a GIS and the existence of a 
relatively recent 1986 flight allowed a wide characteriza-
tion of the different habitats where Quercus súber appea-
red or had appeared in the basin. We considered Quercus 
súber formations all those that evidence its actual presen-
ce or previous existence, either if they were physical (dead 
stumps) or biologicaly related (plant species characteris
tics of cork oak vegetation communities). Due to the lack 
of easy to obtain information (basic or thematic carto-
graphy) it was decided that a first approach to define the 
heterogeneity of the habitats could be done by combinig 
the information on three main descriptors: lithology, slope 
and aspect. The fact that the basin -as well as an important 
part of the Rif- had subhumid mediterranean climate con-
ditions led us to believe that the weight of the climatic 
variables would not be as important as in semiarid or arid 
mediterranean climates. Therefore other edaphic and 
water-economy related variables would have higher 
importance than in semiarid conditions where precipita-
tion and temperature normaly outweight the former varia
bles. 

Based on this approach the analysis of the struc
tural characteristics for cork oak at a landscape scale was 
initiated by generating with GIS the coverages for those 
descriptors and using the classes mentioned in the metho-
dology. From the analysis and quantification of the área 
resulting of the combination of each coverage with that of 
cork oak formations we obtained the following results. The 
total área covered by cork oak formations was of 12551 ha. 
In relation to the four physiognomic or structural types 
considered; Ql represented 53.1% of the cork oak forma
tions área, being therefore dominant. The other three types: 
Q2, Q3 and Q4 contribute with a 34.3% , 10.3% and 2.3% 
repesctively. 

The lithological classes defíned showed different 
representation. The tendencies for the percentage of surfa
ce covered by each one of the structural types is compiled 
in table 2.1. Three groups could be defíned with similar 
extensión lithol and litho3 as the most abundant; litho2 
and lithoó as the intermedíate and litho4 and litho5 as the 
least represented. The percentage for each structural type 
showed important differences for litho6 respect to the other 
lithologies. 

The slope intervals analyzed showed, as can be 
seen in table. 2.2 a dominance of áreas with slope3 and 
slope4 (7% to 12% and 12% to 15% respectively). The 
least represented classes werf in both ends of the spectrum. 
Around 81 % of the cork oak forest formations considered 
appeared in terrain with slopes between 7% and 28% . 
Slope3 has the máximum percentage in formations that 
retained a tree canopy (Ql and Q2 together). Ql structural 
type reached a 92% for the steepest slope class. 
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TOTAL ÁREA AND PERCENTAGES COVERED BY QUERCUS SÚBER 
OR DERIVED FORMATIONS FOR DIFFERENT LITHOLOGIES 

LITHOT 

lithol 

Iitho2 

litho3 

litho4 

litho5 

lithoó 

total 

TOTSUR 
Ha 

4178.65 

1549.90 

3619.80 

1006.08 

684.06 

1512.40 

12550.89 

Ql 
% 

Q2 
% 

Q3 
% 

Q4 
% 

54.45 38.27 4.48 2.80 

59.08 38.39 0.56 1.97 

55.04 33.02 8.70 3.24 

59.69 28.72 10.34 1.25 

56.98 26.96 15.99 0.08 

32.36 29.49 37.40 0.74 

53.09 34.33 10.28 2.30 

TOT 
% 

33.29 

12.35 

28.84 

8.02 

5.45 

12.05 

100.00 

Table 2.1.- Percentages of área 
covered by the four structural 
lypes present. lithol = coluvial 
detritic materials (glacis); 
Htho2 = quaternary; litho3 = 
cretaceous marls; litho4 = 
flyschs of Bl; litho5 = flyschs 
of Tz; litho6= numidians 
sandstones. (TOTSUR= total 
surface); (TOT % = percentage 
that represent every Iilhological 
type from all the área covered 
by cork oak related vegetation). 

TOTAL ÁREA AND PERCENTAGES COVERED BY QUERCUS SÚBER AND 
DERIVED FORMATIONS FOR DIFFERENT SLOPE CONDITIONS 

SLOPE 

slol 

slo2 

slo3 

slo4 

slo5 

slo6 

slo7 

slo8 

slo9 

slolO 

total 

TOTSUR 
Ha 

445.34 

936.19 

4158.23 

2310.42 

1423.17 

665.89 

1435.04 

714.37 

422.85 

39.40 

12550.89 

Ql 
% 

Q2 
% 

Q3 
% 

Q4 
% 

59.12 35.73 4.46 0.69 

55.99 37.60 3.47 2.95 

53.71 42.41 1.75 2.12 

56.51 34.49 5.92 3.08 

53.79 31.41 11.81 2.98 

43.79 30.51 22.79 2.90 

48.60 23.69 26.76 0.95 

47.08 22.89 29.14 0.89 

49.48 19.59 26.87 4.06 

92.01 2.28 5.71 0.00 

53.09 34.33 10.28 2.30 

TOT 
% 

3.55 

7.46 

33.13 

18.41 

11.34 

5.31 

11.43 

5.69 

3.37 

0.31 

100.00 

Table 2.2.- Percentages of área 
covered by the four structural 
types of cork oak vegetation 
formations for each of the ten 
slope classes present. The 
interval upper limits for each 
slope class expressed in per
centage are: si 1(3%); slo2(7%); 
slo3(l2%);sk>4(15%); 
slo5(18%);slo6(20%); 
slo8(35%); slo9(50%) and 
slol()(ovei-50%). 

TOTAL ÁREA AND PERCENTAGES COVERED BY QUERCUS SÚBER 
OR DERIVED FORMATIONS BY ASPECT CLASSES 

ASPECT 

N 

E 

S 

W 

leveled 

total 

TOTSUR 
Ha 

3192.82 

6387.79 

1492.34 

1464.90 

13.04 

12550.89 

Ql 
% 

Q2 
% 

Q3 
% 

Q4 
% 

54.16 34.61 9.56 1.67 

47.58 36.37 12.80 3.26 

64.90 25.69 8.48 0.92 

62.34 33.97 2.74 0.95 

100.00 0.00 0.00 0.00 

53.09 34.33 10.28 2.30 

TOT 
% 

25.44 

50.90 

11.89 

11.67 

0.10 

100.00 

Table 2.3.- Percentages of área 
covered by the four structural 
types of cork oak vegetation 
formations for each of the five 
aspect classes considered 
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When considering aspect, summarized in table 
2.3 half of the formations are oriented to the East, a quar-
ter to the North and the other two share a similar área. 
Leveled terrain represents just a 0.1 % . When considering 
the structural type of cork oak formations Ql is dominant 
in all aspects. 

2. Relation between cork oak formations structure and 
combined habitat characteristics: 

Several assumptions were made to analyse the 
trends in the regression of the cork oak formations: First, 
the mínimum potencial extensión of Ql type could be esti-
mated from the summatory of all the structural types 
actualy present. Second, by analyzing the área that appe-
ars now with a structural type Q l, Q2, Q3 or Q4 for speci-
fic site conditions (defined as a combination of abiotic pro-
perties: slope, aspect and lithology), those conditions more 
readily degradable will show lower percentages for Q l and 
Q2. Third, on a basin basis the perturbation agents and 
regí mes have affected the different site conditions in an 
homogeneous and not biased way. 

Based on these assumptions we proceeded to 
analyse the variability in site conditions for the 
Chefchaouen basin. 

The number of possible combinations for the 
three site variables: lithology, slope and aspect, conside
ring the different categories defined for each one, genera-
ted 246 possible site conditions. To determine if there were 
any similar pattern in the percentages for Ql, Q2, Q3 and 
Q4 among different site conditions a cluster analysis was 
applied to all of them. Terrains with the same site condi
tions, although may appear in more than one location and 
in fragments of different size, were summed together. Just 
one set of valúes for Ql through Q4 percentages was assig-
ned per site condition. These valúes were obtained for the 
total área present for every site condition. 

Five patterns were found significant in the cluster 
analysis. They are described in table 3 presenting the clus
ter means (or average from the valúes for the variables Ql 
through Q4 for all the site conditions in each cluster) and 
their standard deviations respectively. 

The five clusters identified by the mean percenta-
ge of área covered by each structural type were ordered 
along a degradation gradient. The order of cluster codes 
from less to more degraded patterns was l, 5, 3, 4, and 2. 
Those less degraded had higher percentages for Ql and Q2 
(in which the tree overstorey is present) while in the more 
degraded ones type Q3 was dominant. 

The reduced amount of clusters defined facilita-
ted the search for trends in the relationship between site 
conditions and structural patterns. The relations observed 
are presented in table 4. Each cell or square of the table 

CLUSTERS 

l 

2 

3 

4 

5 

GR AND MEAN 

QI% 

92.1 ± 7.3 

15.2± 11.2 

22.7 ± 11.3 

38.6 ± 9.0 

63.4 ± 7.6 

54.4 

Q2% 

4.7 ± 5.8 

8.5 ± 8.8 

7I .6+ 10.3 

39.9 + 11.3 

28.I + ll.2 

32.2 

Q3% 

2.3 ±5.1 

74.2 ± 19.4 

4.1 ±5.9 

I8.4± 14.8 

7.0 ± 11.0 

11.7 

Q4% 

0.8 ± 2.9 

2.1 ±7.0 

1.6 ±4.0 

2.9 ±5.1 

1.4 + 5.3 

1.7 

Table 3.- Mean valúes for percentages and Standard Deviations of área 
covered by the four cork oak formations structural types per cluster group. 

N 

n 
L2 

L3 

L4 

L5 

L6 

E 

Ll 

L2 

L3 

L4 

L5 

L6 

S 

Ll 

L2 

L3 

L4 

L5 

L6 

w 
Ll 

L2 

L3 

L4 

L5 

L6 

SL1 

B 

B 

B 

B 

1 
C 

SL1 

B 

B 

C 

C 

1 
B 

SL1 

* 
B 

C 

C 

* 
c 

SL1 
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Table 4.- Associacion between cork oak formations structural clusters and 
site characteristics. The symbols indícate the cluster types. The symbols 
corresponding to each cluster type are: *=1, B=5, C=3, =4,1 =2. They 
are order from the less to the most degraded. 
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represents a different site condition. The table is divided in 
the four sections. Each one of them has in upper left hand 
side córner a letter indicating aspect, one of the three site 
variables considered. AIl the cells for the first sector are 
exposed to the north, the following three sectors included 
aspects to the east, south and west respectively. The ten 
slope categories considered, define the columns of the 
table and the six Iithologies, the rows of the different sec
tors. Inside every cell a symbol indicates the pattern shown 
by the percentages of área of that specific site condition 
covered by each structural type (Q1, Q2, Q3 and Q4). This 
is the same as saying that each site condition was assigned 
the cluster code in which it was included. The symbols 
were used to make easier the reading of the table. The 
black square represents the conditions in which around 
74% of their área is covered by Q3 structural type. 
Therefore, important degradation had ocurred. On the 
other hand, those cells that present a spade sign indícate 
that around 92% of their área is covered by Ql type 
forests, henee very well structured. 

The trends observed in the structural patterns per 
site conditions could be summarized as follows: 

a. The pattern defined for cluster 5 is the most fre-
quent among different sites, while that for cluster 2 is the 
less frequent. 

b. Those site conditions that show a lower struc
tural disruption are located on slopes oriented to the south. 
They have the larger number of Ql dominant patterns as 
well as the lowest frequencies of site conditions with pat
terns dominated by Q3 structural types. 

c. Sites with better structural types are more fre
quent in áreas with slope above 18% . They are less fre
quent in Iithologies type 5 and 6. These same two Iitholo
gies show a higher accumulation of more degraded struc
tural patterns (cluster codes 2, 4 and 3). 

d. The best cork oak forest structure is maintained 
in sites on northern aspect with Iithologies 1 and 4, as well 
as those oriented to the east and lithology type 4, southern 
aspect and lithology type 3, and western aspect and Iitho
logies 1 and 3. 

The trends observed in specific site characteris-
tics for table 4 do not indícate which is the weight, in rela-
tion to the área covered, that the different site conditions 
have in the Chefchaouen basin. To solve this problem table 
5 indicates which is the extensión of each type of site con
dition with the same trame used in table 4. The symbols 
assigned make reference to the área present in the basin for 
every site condition. The frequeney distribution for the 
total per site condition showed an unimodal structure with 
a high frequeney in the very low sizes (áreas smaller than 
50 ha.) and with a long tail with one or two áreas of very 
large size (above 500 ha.). The intervals defined to sum-

marize this information in table 5 are not homogenous in 
size to better reflect these tendencies. The hyphen signs in 
the table indícate those conditions that are not present in 
the basin. These lacking conditions are centered on slopes 
above 28%, but more than half of them belong to slopes 
above 50%. The cells that appear empty indícate that the 
área they oceupy individualy ranges between 1 and 50 hec-
tares. These conditions add up to 2949 ha. what represents 
a 23.5% of all the cork oak formations present in the basin. 
The área included in each of the intervals dsfmed, as well 
as what they represent in percentage, can be summarized 
as follows: sites conditions with extensión greater than 
(GT) 50 ha. and less than or equal to (LE) 100 ha.: 2157 
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Table 5.- Surface oceupied by habitat type in the Chaouen basin: 
(GT=Greater than), (LE=LESS THAN OR EQUAL TO) / GT. 1000 
HAS.= | ; GT 500 and LE 1000 HAS. = • : GT 300 and LE 500 HAS. 
= '.. ; GT 100 and LE 300 HAS. =-j- ; GT 50 and LE 100 HAS = .A. ; 

the empty square indicie surl'ace oceupied LE 50 Has; not present in the 
basin = —. 
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ha., 17.2%; GT 100 ha. & LE 300 has.: 3452 ha. , 27.5%; 
GT 300 ha. & LE 500 ha.: 1946 ha., 15.5%; GT 500 ha. & 
LE 1000 ha.: 626 ha., 5 %; GT 1000 ha.: 1416 ha. and 
11.3%. There are just 7 site conditions with large áreas 
(GT 300 ha.) and they represent 31 % of the cork oak for-
mations. These áreas belong to lithologies 1 and 3 for slope 
classes 3 and 4. This is the same as saying that the larger 
áreas of cork oak formations with homogeneous site con
ditions in the basin show a northern or eastern aspect, have 
a lithology of colluvial materials (glacis) or cretaceous 
marls and have slopes between 7 and 15%. We will cali 
these, groupl conditions. These same lithologies and slo
pes have a high representation in south and west aspects. 
There is also a conspicuous área with north and east aspect 
and numidian sandstones (litho6) in higher slopes with 
valúes around 28% .We will cali these, group 2 conditions. 

When these more extended site conditions are 
checked against table 4, we see that group 1 presents a pat-
tern of structural types defined by cluster code 5 for nort
hern aspect and southern aspect for lithology 3. 
Nevertheless the structural pattern present in easter aspect 
site in lithology one show a higher degradation with a pat
tern where Q1 structure just reach a 39 % and Q3 almost a 
20%. It is interesting to point out that this same lithology 
and slope class with a southern aspect presents a very well 
preserved cork oak formation (cluster code 1) with a domi
nan! 92% Q1 structure. On the other hand group 2 condi
tions show the máximum degradation identifíed in our pat-
terns with a domminance of up to 74% in Q3 structural 
type. This would indícate a complete lost of the tree 
canopy in conditions that have an important representation 
in área. 

3. Detailed characterization of selected representative 
cork oak formations stands: 

As a first approach to the study and quantification 
of the structure a number of stands where selected pre-
viously to the GIS analysis. They were representative of 
the most common physiognomic types that could be iden
tifíed in a visual inspection of different Quercus súber for
mations of the área. The plots selected reflect the remai-
ning cork oak forests, the shrublands derived from them 
that have lost nearly all the trees for this species, as well as 
the pine plantations mainly with Pinus pinaster that with a 
productive intention are introduced in completely cleared 
or very degraded cork oak forests and shrublands. In the 
following sections we describe the information obtained as 
a first approach. A broader and more detailed quantifica
tion will be needed in order to have the necessary basis for 
a rational management of these stands. In first place, we 
quantify structural characteristics for shrublands (matorra
les) or for the shrub layer in the formations that present a 

tree canopy. In second place, the tree component of the 
previous stands it are quantified. This section includes an 
estimation of aboveground biomass for the cork oak tree 
compartment. 

a. Shrub compartment: 
The description for total vegetation cover and for 

those species that have an interest as a possible fuel source 
is included in table 6. Besides cover, an indirect indication 
of the density of shrubs present is given by the number of 
contacts in 100 meters of line transect. It can be seen that 
both cork oak forests and matorrals have total cover valúes 
above 40%. While pine plantations have a wide range of 
possible cover valúes, between 8% and 80%. When we 
analyse the cover valúes for the different species, Erica 
arbórea show the highest valúes in all the formations. 
Arbutus unedo, followed by Cislus salvifolius, Cistus cris-
pus and Myrtus communis appear in cork oak forests. 
Arbutus unedo, Myrtus communis and Cistus salvifolius 
are not present in most of the pine plantations and matorral 
sites. Cistus monspeliensis reach the highest valúes in the 
matorral stands, while it is almost absent in the rest of 
stands. Erica arbórea appears as the second species in the 
matorral and in most cases with a short difference in cover 
(around a 5%) with Cistus monspeliensis. After Erica 
arbórea, Cistus crispus appears as the third species in 
importance among those considered. 

b. Tree compartment: 
The basic dendrometric tree populations descrip-

tors are used to define both Pinus pinaster and Quercus 
súber. All this information is included in table 7. The 
range of density valúes for cork oak is included in that for 
Pinus pinaster. The máximum density valúes determined 
for cork oak and pine respectively were 700 and 860 
trees/ha. Basal área for cork oak had a mínimum of 18.4 
mVha. and a máximum of 24.3 mVha. Pinus pinaster pre
sents for all the cases basal área valúes higher than for any 
of the cork oak stands studied with a máximum in 34.3 
m2/ha.. The most frequent cork oak tree has a d.b.h. bet
ween 16 and 22 cm. and heights between 7.4 m. and 11.5 
m.. For Pinus pinaster the most common trees have a 
d.b.h. between 19.5 and 33 cm. and heights from 2.2 to 
12.8 meters. Máximum heights attained by cork oak and 
pine differ in three meters when compared the two stands 
that appeared more mature. 

Once that the basic parameters of the dominant 
trees have been characterized an estimation of the biomass 
was completed for the different stands described. The total 
aboveground biomass estimated as well as the división of 
it in the different fractions of the tree are important in order 
to quantify the possible amount of resource obtained from 
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VEGETATION COVER FOR DOMINANT SPECIES IN THE SHRUB LAYER OF QUERCUS SÚBER 
STANDS OR DERIVED FORMATIONS 

VEGETATION 
FORMATION 

PLOT NUMBERS 

T. VEG. COVER / 
CONTACTS lOOm. 

Erica arbórea 

Cistus monspeliensis 

Arbutus unedo 

Myrtus communis 

Cistus críspus 

Cistus salviifolius 

CORK OAK 
FORESTS 

20 

97 
216 

49 
56 

0 
0 

27 
41 

3 
12 

5 
26 

7 
22 

13 

66 
191 

30 
52 

0 
0 

22 
49 

2 
11 

1 
8 

7 
28 

12 

70 
136 

15 
24 

0 
1 

19 
27 

8 
18 

0 
0 

22 
33 

10 

41 
216 

10 
38 

7 
21 

1 
8 

1 
2 

13 
71 

4 
34 

PINE 
PLANTATIONS 

8 

8 
42 

7 
15 

0 
0 

0 
0 

0 
0 

0 
1 

0 
0 

7 

22 
86 

0 
1 

4 
13 

0 
0 

0 
0 

17 
25 

0 
0 

5 

80 
127 

28 
30 

0.3 
1 

12 
30 

15 
15 

0.7 
1 

5 
7 

MATORRAL 

22 

77 
272 

20 
72 

35 
81 

0 
0 

0 
0 

17 
68 

0.2 
5 

18 

43 
194 

10 
33 

15 
45 

0 
0 

1.5 
15 

6 
32 

0 
0 

17 

115 
196 

0 
0 

81 
228 

0 
0 

0 
0 

0.1 
2 

0 
0 

15 

89 
249 

25 
65 

29 
68 

0 
1 

0 
0 

24 
53 

0.8 
5 

Table 6.- Description of vegelation cover and number of contacts in line transects 100 meters long for plots representative of the typical cork oak foresls 
and derived formations after perturbation and management (pine plantations and matorral). Each cell contains an upper number that indicates cover (%) 
and a lower number indicating ihe contacts. T. VEG. COVER considers all the species together. Valúes are given for species that are collected as fuel 
wood by local people. 

DENDROMETRIC CHARACTERIZATION OF STANDS WITH TREE OVERSTOREY 

Plot 
# 

20 

13 

12 

10 

8 

7 

5 

Sp. 

Q.s. 

Q.s. 

Q.s. 

Q.s. 

P.p. 

P.p. 

P.p. 

Basal 
Área 

m2/ha 

21.3 

18.4 

24.3 

18.8 

34.3 

26.5 

25.7 

Density 

trees/ha 

700 

580 

690 

470 

730 

300 

860 

D.B.H. 
(cm. ) 

Min 

6 

5.5 

10 

14 

14 

22.5 

6 

Max 

35.5 

33 

31 

35 

32 

41.5 

33.5 

Avr 

18.5 

19 

20.5 

22 

24 

33 

18.5 

Mod 

16 

19 

16 

22 

25.5 

33 

19.5 

N 

70 

58 

69 

47 

73 

30 

86 

TREE HEIGHT 
(cm. ) 

Max 

1120 

1479 

1680 

1120 

1390 

1950 

1240 

Mod 

740 

1150 

860 

610 

1280 

1580 

220 

N 

10 

29 

32 

41 

39 

30 

6 

Table 7.- Dendrometric description of the tree compartment in cork oak or derived forest rerpesentative stands. Sp. = species; Q.s. = Quercus súber; P.p. 
= Pinus pinaster; D.B.H. = diameter at breast height; Min = minimum; Max = máximum; Avr = average; Mod = mode; N = number of trees measured. 
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ABOVEGROUND BIOMASS FOR QUERCUS SÚBER STANDS AND 
PERCENTAGES ALLOCATED TO DIFFERENT FRACTIONS 

PLOT# 

12 

20 

10 

13 

B.A. 

24.3 

21.3 

18.8 

18.4 

T.A.B. 

134.9 

118.6 

107.7 

100.7 

SUM.B. 

172.62 

160.73 

130.79 

134.92 

PBTBS 

78.15 

73.79 

82.35 

74.64 

PBB 

35.11 

34.16 

34.33 

35.21 

PBPB 

23.11 

24.39 

25.61 

22.38 

PBSB 

22.30 

22.58 

21.03 

22.98 

PBBK 

18.59 

17.98 

18.20 

18.53 

PBL 

0.88 

0.89 

0.83 

0.90 

Table 8.- Aboveground biomass for Quercos súber stands and percentages allocated to each Iree fraction. B.A. = basal área (m"; T.A.B. = total above-
ground biomass obtained from the sura of the biomass estimated for the different fractions ¡ndependently; PBTBS = Percentage ol' SUM.B. that repre-
sents T.A.B.; PBB = percentage of biomass ¡n bole (not including bark); PBPB = percentage of biomass in primary branches; PBSB = percentage of bio
mass in secondary branches; PBBK = percentage of biomass in bark; PBL = percentage of biomass in leaves. 

different extraction types. The range of biomass observed 
went from 100.7 to 135 Tm/ha. The amount accumulated 
for secondary branches would range between 23.1 and 
30.1 Tm/ha. The biomass in leaves could range between 
0.91 and 1.19 Tm/ha. The normal way in which comsump-
tion of both wood and fodder occurs makes necessary to 
consider individual trees. In fact, cork oak forests degrada-
tion initiates in the continuous cutting of the top of trees as 
fuel wood and forrage. The most frequent trees available 
would range between 16 and 22 cm. d.b.h.. These trees 
would have individual dry weights for total, secondary 
branches and leaves respectively of: 85, 48 and 1.9 kg. and 
204, 59 and 2.3 Kg. The largest d.b.h. measured was 35.5 
and the dry weights for this tree for the same fractions 
would be 780, 79 and 3.1 kg. 

If we consider the whole basin, an estímate for the 
amount of cork oak tree dry matter present could be obtai
ned from the percentage of área covered with Q1 and Q2 
structural types. We assigned the highest valué of biomass 
estimated, to the área covered with Ql type structure and 
the lowest valué to the área with Q2 type structure. The 
total cork oak tree dry matter present in the basin was 
1.332 x 106Tm. 

DISCUSSION 
1. Environmental heterogeneity: 

Lithology, slope and aspect were selected as the 
best environmental descriptor, for they act as synthetic 
variables and they were easy to obtain given the limitation 
in available information on the área. The different catego-
ries defined for these three characteristics had not homo-
geneous representation in the Chefchaouen basin. The 
combination of them allowed to typify the dominant site 
conditions. The graphic representation (Tables 4 & 5) 
allows to establish a quantitative method of comparation 

with other basins in the Rif. On the other hand, this appro-
ach does not consider the spatial pattern that would be fun
damental on a landscape ecology perspective. But to 
understand the meaning of the possible mosaics of these 
site conditions, on a landscape basis, it is necessary, befo-
re, to know which are their individual influence on vegeta-
tion structure. 

2. Structural patterns in cork oak formations: 
The structure of the cork oak formations is a 

result of many different perturbations interacting and with 
a wide variety of temporal regimes. The most important 
perturbations affecting the cork oak forests in the región 
are fire, biomass extraction as fuelwood or fodder, over-
grazing and tillage. At a scale of the whole Mediterranean 
basin GRENON & BAT1SSE (1988) pointed out that from 
all the forests systems of the world, those in the 
Mediterranean Sea perimeter and in continental China are 
the ones with a higher degradation by human action. The 
combined action of tillage, overgrazing and use of wood as 
a fuel and construction material have caused incalculable 
damages. The conclusions to their analyses on the future of 
the Mediterranean basin estímate that till the year 2025 for 
all the Mediterranean countries together, wildfires could 
destroy 10 to 12 millions hectares of forests, tillage betwe
en 5 and 6 millions has., overgrazing between 2.5 and 3 
millions has. and tree cutting for fuelwood between 0.5 
and 1 millions has. Grenon & Batisse, also remark that 
some of the countries in the southern (Morocco) and in the 
eastern (Turkey) side of the Mediterranean basin have just 
partially satisfied their energy needs and provoke a very 
important pressure that in combination with overgrazing 
result in the main cause of degradation of these forests. 

The environmental heterogeneity observed in the 
basin can be summarized as: sites with marls (Litho3 type) 
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with a broad slope range between 3% and 35% on east 
oriented terrains constrainning its máximum slope on other 
aspects. Northern aspect tbllowed by southern and western 
represent the progression. Glacis (Lithol) present a similar 
trend for slope though its minimum limit is one class hig-
her. The range of slopes covered for each aspect follows 
the same progression as for litho3. Numidians sandstones 
(Lithoó) is dominant on eastern aspect for slopes between 
15% and a 50% . It is also conspicuous on northern aspects 
with slopes from 20% to 35% . 

3.Relationship Environment-Structure: 
The descriptive approach used to show the rela-

tionships between certain sites conditions and the structu-
ral pattern that dominated does not identify the causes that 
lead to that situation. If the assumptions stated in the me-
thodology section are true, then those conditions more 
degraded would be more sensible to perturbación. The 
solution to this uncertainty will need further studies. 
However, the data presented would allow to define which 
site conditions presented a more degraded status. If atten-
tion would be placed first on environmental structure 
diversity the stands to protect would be those belonging to 
cluster type 2 and with low spatial representation. 
Nevertheless, there is a direct relation between the spatial 
área covered and its weight in the control of the functio-
ning of a certain system. The site conditions that occupy 
áreas larger than 50 hectares and present a cluster type 2 
(this means that just 15.2%; ±11.2 is covered Ql structure) 
should be considered preferentially to avoid further degra-
dation. The site conditions included in this later group 
were: áreas with numidian sandstones in slopes between 
15% and 28% and eastern aspect, as well as sites with the 
same lithology but oriented to the north and slopes from 
28% to 35% . 

The functional implications of the heterogeneity 
described depends clearly on the size of the organisms or 
scale of the processes that we might be interested in stud-
ying as well as in how significant the differences between 
these site conditions defined are in relation to the structure 
of the cork oak formations. 

4. Trends in shrub compartment: 
The percentage in cover observed show some 

trends that would be interesting to evalúate. The almost 
complete disappearance of Arbutus unedo in the matorra
les (mainly Q3 shrublands) while it is the second species in 
importance in the cork oak forests. We believe this drastic 
change is related to the type of management that burnt cork 
oak forests suffer after fire goes through. This process allo-
wed and controlled by the forest authorities permits the 
uprooting of the lignotubers of Erica arbórea, Arbutus 

unedo, Myrtus communis and other less represented spe
cies, as well as, the complete clear cut of the remaining 
aboveground biomass for Quercus súber trees that with 
most of the larger size shrub stems are transformed in char-
coal on site. Myrtus communis shows a similar trend, while 
Erica arbórea remains but with lower cover valúes. The 
much easier establishment capacity of Erica allows that a 
large number of small size lignotubers of this species 
remain in the ground after the process fire-charcoal pro
ducción is completed. We consider this would be the cause 
of this difference. Once uprooted, the possibilities that 
both Arbutus, and Myrtus could get established are seve-
rely reduced. With fire recurrence the cork oak lignotubers 
die and there is a simplification in the species composition 
of the shrub layer. The lost of the tree layer represents a 
threshold of irreversibility (ARONSON et al. 1993) that 
once crossed has no real possibility of recovery given the 
type of forestry that can be seen in the área probably due 
to limited funding. Therefore the control of the shrub layer 
should be done as a preventive measure against wildfires in 
those áreas that still keep a good tree canopy. 

5. Trends in tree compartment: 
MONTOYA, J.M. (1984) emphasized the need 

for forests typification from a syl vicultural point of view to 
better adapt management processes to the type of stands 
and to the environment of an specific área. He pointed out 
that the ecological and silvicultural knowledge for the dif-
ferent types of cork oak forests seems to be the best way to 
reach the previous goal. ELENA et al.(1984) on the needs 
to reach an appropriate management for the "Dehesa" sys-
tems in southwestern Spain pointed out to the urgent need 
for information on the tree components and on the terri-
tory. Its goal would be the search for a more integrated 
land-use planning not just centered on urbanizing áreas. 
CARITAT et al. (1991) summarized the structural charac-
teristics for six cork oak forests stands in Gerona (northe-
ast Spain) and showed that the density valúes determined 
ranged from 475 to 1024 trees per hectare (tr/ha.). The 
lowest valué in Chefchaouen was 470 tr/ha. but the valúes 
for the remaining plots were included in the range obser
ved for Gerona. Four of these stations had similar ranges 
for d.b.h. but Fitor was the most similar one. 

When comparing the d.b.h. observed for our cork 
oak forests stands it was interesting to observed that given 
their size classes almost all the trees characterized were 
outside the lower limit defined by MONTOYA (1986) for 
d.b.h. classes to be included in a dendrometric survey. This 
advised lower limit is set at 30 centimeters of d.b.h. This 
same limit was also used by MONTERO et al. (1991). Of 
course, both of these papers consider as a priority goal the 
optimization of cork producción. With this goal in mind, 
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and considering the dendrometric characteristics of our 
stands, it would be interesting to check if thinning would 
be an advisable procedure. Nevertheless, plot number 10, 
for example has almost the same density as the lowest 
valué given by CARITAT et al. (1991) for the site named 
Cartellá. We consider that in our case it would be necessary 
to determine the amount of lignotubers in relation to stems 
density. This would improve the selection of stems to cut 
down, trying to maintain those whose lignotubers presen-
ted a higher vigor. 

Data for basal área from CARITAT et al. (1991) 
showed valúes between 14 and 58 square meters per hec-
tare (m2/ha.) that include the valúes determined for the 
stands in Chefchaouen, although below the mean valúes. 
The most typical valúes for different Quercus species from 
California extracted from BOLSINGER (1987) suggested 
that similar valúes around 22.9 (m2/ha.) are common for 
Quercus chrysolepis, Quercus garryana, Quercus kellog-
gii, and Quercus agrifolio.. 

Biomass determination obtained for cork oak trees 
ranged in our sites between 100.7 and 135 tons per hectare 
(Tm/ha.). For the two stations described by CARITAT et al. 
(1992) Fitor with 134 Tm/ha. is the one that seems closer. 
The Biomass for St. Hilari. Was 328 Tm/ha. The valúes 
obtained for Chefchaouen plots would have lower valúes of 
biomass. Two aspects should be considered the amount of 
biomass included in the shrub layer that in most sites will 
be important given the high cover observed and the fact that 
most of these stands result from resprouting and we have no 
information on whether they could be considered mature 
stands. When compared with other species like Pinus hale-
pensis, it is interesting to observe, as it was shown in PAS-
TOR-LOPEZ et al. (1995a) that mature stands in France in 
subhumid conditions reach valúes of up to 161.4 Tm/ha. It 
is clear that pine plantations that are common in the basin 
include: young stands with densities of 860 trees per hecta
re, below the mean valué used for Pinus halepensis affores-
tation in Spain (PASTOR-LOPEZ, 1995) that is around 
1200 trees per hectare. The determined basal área for the 
stands is higher than for the cork oak stands what could be 
considered as sufficient reason for conversión of degraded 
cork oak forests to plantations. Although this is a possibi-
lity, evaluating other impacts on the ecosystem are neces
sary mainiy in fire-prone ecosystems. Considering the 
máximum heights reached by these stands and an approxi-
mate age of 35 years, these stands would be included in the 
high quality classes identified by BELGHAZI et al. 
(1994). MONTERO el al. (1991) quantified the possible 
biomass extractable from a Pinus pinaster stand in the cen-
ter of Spain by thinning. All these management options 
would have to be considered in the search for sustainable 
systems. 

6. Implications on cork oak forests management: 
GRENON & BATISSE (1988) pointed out that 

fuel wood productivity in the mediterranean natural forests 
ranged between 0.8 cubic meters per ha. and year 
(mVha.yr.) for dense hardwoods and 0.1 mVha.yr. for the 
matorral formations. If we consider the Chefchaouen basin 
cork oak formations and assume that Ql structural type 
had the máximum valué 0.8 mVha.yr.; the Q2 type have an 
intermedíate valué 0.45 mVha.yr. and the Q3 & Q4 have 
the mínimum valué suggested 0.1 mVha.yr. The annual 
production in relation to the área present in the 
Chefchaouen basin would be respectively: 5330.6 cubic 
meters per year (mVyr.); 1939 mVyr.; and 158 mVyr. This 
would add up to 7427.5 mVyr. GRENON & BATISSE 
(1988) also stated that the fuel wood needs are estimated 
between 0.5 and 1 cubic meter per person and year for the 
rural people (and even more in some áreas from the 
Magreb or Turkey). If this is applied to the above mentio-
ned valué the cork oak formations in the Chefchaouen 
basin could sustain an energy demand for a population bet
ween 7427 and 14854 persons. The productivity will need 
to be better determined in order to verify the previous estí
mate, but if the population of Chefchaouen, just one of the 
cities in the área is more than 40,000 citizens. It seems that 
the actual exploitation policy of biomass extraction is cle-
arly not sustainable and is reducing the extensión of the 
cork oak forests. GRENON & BATISSE (1988) indícate 
that it is an interesting solution the plantations of trees as 
fuelwood or forage trees in perimeters around áreas as a 
soil conservation, bul these methods are not well develo-
ped yet. 

It is clear that the management of these forma
tions must consider tire as an important perturbation agent. 
MONTOYA (1982) indicates that the fire is present in 
many áreas of cork oak forests and in some way their pre-
sence depends on the fire. This author noticed that if an 
área is protected against fire other competitive species may 
arrive to outcompete the cork oak eliminating them; in 
other cases fungí attacks destroy them. He also suggested 
alternative treatments as shrub clearing and tree thinning in 
case there was an active fire prevention. 

MONTOYA & MONTERO (1984) found no sig-
nificative difference in cork production in response to a 
series of treatments that combined shrub clearing with 
tillage or fertilization and with both of them. This trend 
was observed in five stations located in a wide región in the 
southwest of Spain with stands in the provinces of Cáceres, 
Badajoz, Huelva, Sevilla and Cádiz. Nevertheless the 
impact of certain management practices has been identi
fied by MADEIRA & RIBEIRO (1995) as more important 
on the changes that soils may undergo than those caused 
by the respective leaf litter type. This conclusión was rea-
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ched after comparing the effects of Quercus súber, Pinus 
pinaster and Eucalyptus globulus forest stands in Portugal 
after a ten-year period of observations. 

As MASSON et al. (1994) indicated cork oak 
forest in northwestern mediterranean are commonly degra-
ded as a result of abandoned exploitations, shrub over-
growth and repeated fires. These causes can be also obser-
ved in moroccan cork oak forests. Repeated fires coupled 
with strong postfire extractions, for fuel consumption, of 
Quercus súber aboveground biomass and lignotubers from 
the main sprouting shrubs, can be considered the perturba-
tion with a higher impact and effects on the sustainability 
of these forest. Despite the negative effect associated with 
shrub understory development, most cork oak forests in 
Chefchaouen are protected by the forest authorities against 
shrub clearing. MASSON et al. (1994) emphasizes the 
positive effect of shrub clearing and the positive effect of 
animal herds that control the shrub sprouts with a positive 
effect to prevent wildfires. The tested and significative 
results from this study were: shoot elongation was betwe-
en 28% and 14% greater than the control, for stands were 
shrubs had been cleared and pastured. In relation to radial 
growth the results were not homogeneous,a positive and 
significative increase was observed in the italian stands but 
not in the french and spanish ones. The effect on nutrient 
uptake were non significative for nitrogen but for phosp-
horous they were significative specially in plots sowed 
with Ieguminous. The improvement caused by the shrub 
clearing on the water status has positive consequences on 
production. The control of ligneous sprouts by range is not 
sufficient for fire prevention if it is done with herds that are 
not enclosed. Herds of cows, goats and horses with a range 
pressure from 2 to 4 UGB/Ha and in rotation among diffe-
rent sites allow a sufficient shrub control compatible with 
fire prevention. The negative effects that this type of treat-
ment might have on the cork oak regeneration as argued by 
foresters was also tested. The results indicated that alt-
hough there was a clear reduction in the regeneration den-
sity, the stands that had been cleared still kept up to 1500 
trees per hectare. An individual protection of the young 
trees was suggested as a good solution to make compatible 
the regeneration capacity of the cork oak as well as the 
benefits of the silvopastoral management mentioned. 

In relation to the extrapolation of these results to 
other áreas the authors state that it is possible based on the 
fact that the geographical effect was not strong enough to 
hide the differences due to treatments. The management 
criteria for cork oak forests must favour a high overstory 
and reducing the understory shrub layer below 4 meters in 
height. An intermedíate tree canopy cover of 20 to 30% is 
considered as a good point to allow the shrub regrowth 
control by animáis at the same time that a herbaceous layer 

can reach a sufficient production. To allow regeneration 
simultaneous to a shrub clearing and range utilization tre-
atment the possibilities are: 1) protection of young shoots 
during their first years. 2) allowing growth of a high num-
ber of shoots thinning them when they have reached a cer-
tain diameter. 

The consequences of different silvicultural and 
range treatments on cork oak forest in sample plots in 
France, Italy and Spain were tested by MASSON et al. 
(1994). Treatments included shrub clearing alone or in 
combination with range by different species as well as 
sowing of Ieguminous plants. After considerable shrub 
reduction they observed that an herbaceous vegetation of 
low quality appears with a production of 0.5 to 1 tons of 
dry matter per hectare and year. If range productive species 
were introduced (mainly Trifolium subterraneum and 
Dactylis glomerata) an herbaceous layer of better quality 
got established with a production ranging between 1 and 3 
tons of dry matter per hectare and year. MASSON (1992) 
pointed out that this increase in herbaceous layer produc
tion was not the only benefit, there was also a N-fixation 
by these Ieguminous species of up to 50 kg/ha.yr.. 

It was frequently observed that shepherds in the 
Chefchaouen basin prime complete crowns of certain cork 
oak trees as a fodder and wood source. The área were these 
phenomena were observed was the transition between 
áreas that retained sparse tree canopies and lands that had 
lost completely their trees and presented important erosión 
processes. The máximum leaf biomass obtainable from 
cork oak trees pruning would give between 0.91 and 1.19 
Tm/ha. As indicated in the results, this is the leaf biomass 
estimated for the range of sites described in the present 
study. It seems clear that an appropriate protection of the 
tree compartment is needed and that at least similar fodder 
production could be obtained from an herbaceous layer 
obtained or created from shrub conversión. The main dif-
ference would be that continuing cork oak trees pruning 
provokes a continuous reduction of both the density and 
extensión of cork oak forest in the basin, while the esta-
blishment of a well structured herbaceous layer generates 
a sustainable system. 

ELENA et al.(1984) pointed out the need for inte-
gration between the biological and socioeconomic agents 
in order to look for solutions to the "Dehesa" ecosystems. 
Their proposal of the model "productive prunning versus 
root out" is a good example on this direction. It searches 
for solutions to the problem of Quercus ilex deforestation 
caused by the demand of holm oak charcoal that is provo-
king an important reduction in density of this species and 
the destruction of the "Dehesa". 

The role that pine afíbrestations play in the degra-
ded cork oak forests has not been studied but it is an impor-
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tant topic, in dealing with the question of what it is the best 
management option for the matorral áreas once Quercus 
súber has disappeared? We expect to deal with some of 
these questiorts in future studies. 
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